Abstract
INTRODUCTION
Chronic pancreatitis (CP) is a progressive infla mmatory disease that is characterized by irreversible injury of the pancreas leading to endocrine and exocrine dysfunction [1] . It has been reported that pancreatic fibrosis is a common pathological feature and characterizes the endstage of CP of different etiologies [2] . The progressive fibrotic cascade can eventually lead to loss of pancreatic function as well as systemic complications, including malabsorption, diabetes mellitus, and others. However, the underlying molecular mechanisms of CP remain unclear, and the available therapeutic strategies are very few in number [3] . Based on the necrosisfibrosis sequence playing a key role in the underlying pathogenesis of CP, pancreatic fibrosis commonly arises from inflammation or tissue injury [4] . Recent studies have highlighted the role of macrophages in promoting wound healing and fibrosis [5, 6] . Large numbers of macrophages have been observed around areas of pancreatic injury in rat models of CP [7, 8] . Detlefsen and colleagues [9] demonstrated that many infiltration macrophages are also found in the pancreas of alcoholic CP patients, which facilitate fibrosis formation by producing transforming growth factor (TGF)β and platelet derived growth factor (PDGF)β. Thus, we propose that macrophages may play a critical role in the progression of pancreatic fibrosis, but its definite mechanism remains unclear. Interleukin6 (IL6) is a key proinflammatory cytokine that is involved in inflammation and the immune response. It is mainly released by macroph ages, fibroblasts, endothelial cells, and myeloid cells [10, 11] . In a previous study, Zhang et al [12] found that acinar injury results in the infiltration of myeloid cells (i.e., macrophages and neutrophils) into the pancreas during severe acute pancreatitis, and infiltrating macrophages further release IL6, which can lead to pancreatitisassociated acute lung injury. A study by Lesina et al [13] demonstrated that tumorassociated macrophages appear to be the major source of IL6 in murine and human pancreatic ductal adenocarcinoma. Several reports have confirmed that serum level of IL6 in patients with CP was significantly increased compared with that in control subjects [12, 14] . However, the contribution of IL6 and the relationship between IL6 and macrophages in pancreatic fibrosis have not been analyzed in detail.
Dachaihu decoction (DCHD; major Radix bupleuri decoction) is a traditional Chinese medicine formula that was first described by Zhongjing Zhang in "Treatise on Febrile Disease Caused by Cold (Shanghan Lun)". DCHD has been widely used in the clinical treatment of acute pancreatitis (AP) [15] . Recently, it was used to treat patients with CP, and it was found that the effects included improving the clinical symptoms of CP patients. But whether it can inhibit pancreatic fibrosis and its underlying mechanism remain uncertain. The aim of the present study was to ascertain the role of macrophages in pancreatic fibrosis induced by 20% Larginine, as well as to determine the effects and mechanism of DCHD on inhibiting pancreatic fibrosis. The components of DCHD were extracted twice by boiling in distilled water for 1 h, and the drug was subsequently filtered and reduced by boiling to a volume of 70 mL (1 g crude drug/mL) and stored at 4 ℃ for later use. Masson staining and amylase enzyme linked immunosorbent assay (ELISA) kits were purchased from the Nanjing Jiancheng Biotechnology Company (Nanjing, China). Reverse transcriptase polymerase chain reaction (PCR) kits and primers were provided by Transgen Biotech Co. (Beijing, China).
MATERIALS AND METHODS

Animals and materials
L-arginine-induced chronic pancreatitis
The KunMing mice were randomly divided into three groups (n = 36): the control group, the CP group, and the DCHD group. Mice in the CP and DCHC groups were injected intraperitoneally with 20% Larginine (two 3 g/kg injections separated by 1 h, weekly for 6 wk), while the mice in the control group were injected with saline. Mice in the DCHD group were treated with DCHD (14 g/kg per day) intragastrically 1 wk after the 20% Larginine injections.
Serum and tissue sample collection
Mice were anesthetized and sacrificed at 2 wk, 4 wk and 6 wk after 20% Larginine or saline injection (n = 9 at each time point). Blood samples were obtained from the inferior vena cava, centrifuged at 1500 rpm for 10 min, and serum was collected and stored at 80 ℃ for IL6 analysis. The pancreas was removed, weighed, and mixed well. One part of the pancreas was fixed in 4% formaldehyde solution for hematoxylin and eosin (HE) and immunofluorescence staining, while the other part was frozen in liquid nitrogen and stored at 80 ℃ for RNA and protein extraction.
ELISA test
Plasma was collected at 2 wk, 4 wk and 6 wk after modeling and serum was obtained by centrifuging samples at 1500 rpm for 10 min. IL6 levels were evaluated using an ELISA kit (Jiancheng Bioengineering Institute, Nanjing, China) according to the manufacturer' s instructions.
Histology and HE and Masson staining
To observe morphological and fibrosis changes in the pancreas, pancreatic sections were subjected to HE or Masson staining. Samples were dehydrated and embedded in paraffin, sectioned (3 μm) after fixation in 4% formaldehyde solution for 12 h. Images were collected using an optical microscope.
Immunohistochemistry and immunofluorescence staining
Immunohistochemical staining and immunofluorescence staining were performed. For immunohistochemistry, antibodies were applied at the following concentrations: F4/80, 1:150 dilution, overnight at 4 ℃; and biotinylated secondary antibody, 1:400 dilution, for 1 h. Bound peroxidase was visualized after a 3,3diaminobenzidine reaction for 25 min and after light counterstaining with hematoxylin, dehydration, and mounting. The slides were examined using a Zeiss Axio1 imager (CarlZeiss Promenade, Jena, Germany). For immunofluorescence, antibodies were applied at the following concentrations: F4/80 and IL6 antibodies, 1:150 dilution, overnight at 4 ℃ in the dark; FITClabeled and PElabeled secondary antibody, 1:400 dilution, for 1 h. DAPI (1:1000) was used to counterstain the nuclei for 515 s, and the slides were mounted on coverslips with antifade mounting medium. Images were collected using a fluorescent microscope (Olympus IX51, Shinjukuku, Tokyo, Japan).
RNA isolation and real-time PCR
Total RNA of pancreatic tissue was extracted using the Trizol reagent (RNeasy Minicolumns, Transgen, Beijing, China) and reverse transcribed into cDNA using reverse transcriptase kits. RTPCR was performed using SYBR Green reaction mix and the ABI7500 Sequence Detection System (Thermo Fisher Scientific, Shanghai, China). The primers, number of cycles, and annealing temperatures are shown in Table 2 .
Protein extraction and western blotting
Protein was extracted from pancreas tissue using standard methods. The protein concentrations were measured using a BCA protein assay kit (Boster
RESULTS
Macrophage infiltration is increased in CP
We induced CP in mice using repeated 20% Larginine injections over 6 wk. Two weeks after modeling, morphological signs of CP were found, including leukocyte infiltration, acinar cell necrosis, and a small amount of connective tissue deposition. At 4 wk and 6 wk, loss of acinar cells, collagen deposition, and aggravated fibrosis in the pancreas were observed ( Figure 1A) .
Immunohistochemistry using the macrophage marker F4/80 was performed. Two weeks after Larginine injection, F4/80positive cells were pre dominant in mice with CP compared with the normal group ( Figure 1B ). The positive macrophage ratio was highest at week 4, and levels were sustained until week 6. Thus, macrophages were abundant during CP and Biotechnology Inc.) and adjusted to 4 μg/μL. Before loading, the samples were boiled at 95 ℃ for 5 min, subjected to sodium dodecyl sulfatepolyacrylamide gel electrophoresis (BioRad, Hercules, CA, United States), and transferred onto PVDF membranes (EMD Millipore, Darmstadt, Germany). The membranes were blocked with 5% nonfat milk followed by incubation with antiactin (Boster Biotechnology Inc.) and anti FN antibodies (sc101759; Santa Cruz Biotechnology Inc.). The sizes of the detected bands were determined by reference to a 10180 kDa protein marker ladder.
Statistical analysis
Values are presented as the mean ± SD and were analyzed using the unpaired Student's ttest and oneway analysis of variance (commonly known as ANOVA). A value of P < 0.05 was considered to indicate statistical significance. were involved in the development of fibrosis ( Figure  1B ).
Macrophage infiltration in the pancreas results in IL-6 production
The serum concentration of IL6 was significantly increased 2 wk after 20% Larginine injection. At 4 wk, the IL6 level was somewhat decreased but remained elevated to week 6 ( Figure 2A ). These findings demonstrate that high IL6 levels contribute to the development of CP.
While macrophage infiltration and IL-6 levels were increased in CP, their relationship remains unclear. To determine whether IL6 is mainly secreted by 
DCHD alleviates pancreatic injury and pancreatic fibrosis in mice with CP
We next sought to investigate whether pancreatic injury and subsequent fibrosis were alleviated by DCHD treatment. DCHD administration resulted in Table 2 Primer sequences used for real time-polymerase chain reaction significantly improved tissue damage, pancreatic fibrosis, and ratio of pancreas weight/body weight ( Figure 3AC ). Moreover, Masson staining revealed that the area of pancreas fibrosis markedly decreased in the DCHD group ( Figure 3B ). FN is a major indicator of extracellular matrix deposition and the degree of fibrosis. Western blotting revealed no FN expression in the pancreas of control mice; however, 20% Larginine treatment resulted in increased FN expression in the pancreas at 2 wk, 4 wk, and (maximally) 6 wk. Interestingly, DCHD treatment attenuated FN levels compared with those in the CP group at the same time point, illustrating that DCHD can suppress the deposition of FN in pancreatic fibrosis ( Figure 3D ).
DCHD attenuated macrophage infiltration and IL-6 mRNA expression in the pancreas
To understand the mechanism underlying the effects of DCHD treatment in CP, we used immunohistochemistry to detect macrophage infiltration. Compared with the CP group, DCHD treatment significantly decreased pancreatic macrophage infiltration at 2 wk. Accompanied with evident and an improvement in pancreatic fibrosis at 4 wk and 6 wk, macrophage infiltration was also significantly reduced ( Figure 4A ). Thus, limiting macrophage accumulation in the pancreas may be an underlying mechanism of DCHD in inhibiting the development of pancreatic fibrosis.
Considering the association between IL6 and macrophages, the expression of IL6 mRNA in the pancreas was assessed using RTPCR. IL6 expression levels were increased in CP and were highest at week 4. Compared with those in the CP group, IL6 levels in the DCHD group were significantly decreased ( Figure  4B ). This finding demonstrates that IL-6 is produced by macrophages and thus may be a potential treatment target for DCHD.
DCHD decreased chemokine mRNA levels were associated with macrophage infiltration
To further explore the mechanism underlying ma crophage accumulation, pancreatic mRNA levels of the macrophage-associated chemokines MCP-1 and MIP-1α were detected using RT-PCR. MCP-1 and MIP-1α were upregulated in the CP group compared with the control group at 2 wk, 4 wk and 6 wk ( Figure 5AB ), while they were significantly decreased in the DCHD group at the same time points.
DISCUSSION
Generally, pancreatic fibrosis is a common pathological feature of CP. Recurrent acute pancreatic insults trigger necroinflammation, and inflammatory cells, once in their active states, release cytokines that in turn promote fibrogenesis, which is involved in the progression of pancreatic fibrosis [16] . Recent studies have confirmed the dominant role played by activated macrophages in liver fibrosis by interfering with the synthesis and degradation of the extracellular matrix [17] . In a rat model of liver cirrhosis, activated macrophages were shown to accelerate fibrogenesis by activating hepatic myofibroblasts, while the suppression of macrophage infiltration inhibited liver fibrogenesis [17] . Treiber et al [18] found large numbers of macrophages among inflammatory cells infiltrating the pancreas of a mouse model of CP. In our study, the development of pancreatic fibrosis was accompanied by a significant increase in F4/80positive cells in pancreatic tissue, suggesting that activated macrophages may play a role in the progression of pancreatic fibrosis.
A study by Saeki et al [19] revealed that infiltration of macrophages in AP originates mainly from peripheral blood mononuclear cells (PBMCs) due to chemokines. Our CP model was based on repetitively inducing AP, and we speculated that infiltration of macrophages in CP was attributable to PBMCs' recruitment. MCP1 and MIP1α are potent CC type chemokines that are mainly secreted by activated macrophages and fibroblasts. They recognize the CC chemokine receptor type (CCR)2 or CCR3 on PBMCs and recruit macrophages to injured tissues [20, 21] . Therefore, we measured MCP1 and MIP1α mRNA levels and found that they were upregulated in mice with CP, which may contribute to macrophage accumulation in CP.
To obtain a deeper understanding of the role of macrophages in pancreatic fibrosis, other researchers previously stimulated PBMCs with lipopolysaccharide, and found that TGFβ1 and IL6 were significantly elevated in culture supernatant. Moreover, further coculture of macrophages with pancreatic stellate cells resulted in increased FN and collagen type I levels [22] . TGFβ1 is considered one of the strongest fibrosis factors [9] , but the role of IL6 in CP has not been recognized. Numerous studies have shown that IL6 was related to fibrosis progress in the liver and lung [23, 24] . Recent experiments also demonstrated that the serum level of IL-6 in CP patients was significantly increased [14] . In our present study, IL6 levels in serum and IL6 mRNA levels in the pancreas were also significantly increased in the progression of CP mice. These results indicated that IL6 participates in the development of pancreatic fibrosis. To determine the source of IL6 production, we preformed immunofluorescent doublestaining of F4/80 and IL6 to evaluate F4/80 and IL6 expression in the pancreas and found large numbers of doubly positive cells in the pancreas of the CP group. We can thus infer that macrophage infiltration is the main source of IL6 secretion, and an excess of IL6 might aggravate inflammation and further accelerate pancreatic fibrogenesis.
The traditional Chinese herbal compound DCHD is composed mainly of Radix bupleuri, Radix scutellariae, Fructus aurantii immaturus, Paeonia lactiflora, Rhizo mapinelliae, Rheum palmatum, Rhizoma zingiberis recens, and Fructus jujubae [25] . In the clinic, DCHD has been effective in treating the characteristics of the "shao-yang signs", such as fever, chills and rib-side fullness, and "yang-ming" signs, such as abdominal pain and fullness [15] . Therefore, DCHD is used mainly to treat acute and chronic digestive diseases, such as AP, inflammatory bowel disease, hepatitis and disorders of the gallbladder [15] . Clearly, CP, a common disease of the digestive system, is associated with the shaoyang and yang ming signs of abdominal pain and ribside distention. According to the traditional Chinese medical theory, many doctors consider that the mechanism underlying CP involves "liver-spleen disharmony, qi and blood stasis, and dampnessheat obstruction" [26] , while the main actions of DCHD are removal of heat and toxic materials and elimination of blood stasis [27] . DCHD may be effective in treating CP. Modern medical studies have shown that petunidin and quercetin from Radix bupleuri exert antiinflammatory effects and act as antioxidants [15, 26, 28] . Therefore, DCHD has also been used to treat patients of CP, and some related clinical symptoms such as abdominal pain, abdominal distension and loss of appetite, with significant improvement [15] , but the underlying molecular mechanisms remain unclear.
In this study, the effects of DCHD on the deve lopment of pancreatic fibrosis in CP were evaluated systematically using an Larginineinduced CP mouse model. Following DCHD administration, morphological changes indicative of CP, including pancreatic acinar cell injury, inflammatory cells infiltration, and pancreatic fibrosis were improved. This suggests that DCHD can attenuate inflammatory lesions and intervene in the progression of pancreatic fibrosis, and led us to perform further study on its underlying mechanism of action.
We next found that DCHD treatment significantly attenuated macrophage infiltration and IL-6 expression in the pancreas. Combined with our previous results, DCHD may suppress pancreatic fibrosis via the inhibition of macrophage infiltration, which in turn reduces the release of IL6. In addition, MCP1 and MIP1α expression was also significantly decreased, suggesting that the DCHDinduced decrease in macrophage infiltration was due to a reduction in the release of macrophageassociated chemokines.
The present study suggests that macrophages play a critical role in CP and pancreatic fibrosis, and their dominant role in CP may be related to the release of cytokines, specifically IL6. We demonstrated that macrophages are the main source of IL6 production in CP. In addition, DCHD can ameliorate pancreatic fibrosis by inhibiting the macrophage infiltration of CP, which provides a new experimental basis for the clinical promotion of DCHD. However, our work had certain limitations. We confirmed that the effect of macrophages on CP is related to IL6, but the detailed mechanism of IL6 on CP progression was not further explored. In addition, DCHD is effective in CP treatment, but its indepth mechanism is not further studied, and these are our next steps.
ARTICLE HIGHLIGHTS
Research background
Pancreatic fibrosis is a common pathological feature characteristic of chronic pancreatitis (CP). As the necrosis-fibrosis sequence plays an important role in the underlying pathogenesis of CP, pancreatic fibrosis commonly develops after repeated inflammation. Macrophages are important inflammatory cells that can also promote fibrogenesis by interfering with the synthesis and degradation of the extracellular matrix. This has been confirmed in models of liver fibrosis and renal fibrosis, but any role of macrophages in pancreatic fibrosis has remained unclear. A traditional Chinese medicinal formula, Dachaihu decoction (DCHD), has been widely used in the clinical treatment of AP, and recently, DCHD was Duan LF et al. Dachaihu decoction ameliorates pancreatic fibrosis ARTICLE HIGHLIGHTS used to treat CP, which significantly improved the patient's clinical symptoms, but, again, the underlying mechanism has been unclear.
Research motivation
CP is a progressive inflammatory disease characterized by irreversible injury to the pancreas leading to endocrine and exocrine dysfunctions that pose serious threats to human health, because the pathogenesis is unclear, and few treatments are available. Recent studies suggested that DCHD can significantly improve the clinical symptoms of CP patients, such as abdominal pain, abdominal distension, loss of appetite and others. However, DCHD cannot be widely used clinically because the therapeutic mechanism of action remains unclear.
Research objectives
The aim was to explore the role played by macrophages in the pathogenesis of CP to further elucidate the mechanisms of CP. In addition, they assessed the efficacy of DCHD in treating CP in animal experiments to determine the mechanism involved, providing an experimental basis for promoting the use of DCHD in clinical practice.
Research methods
KunMing mice were randomly divided into a control group, CP group, and DCHD group. In the CP and DCHD groups, mice were intraperitoneally injected with 20% L-arginine (3 g/kg twice a day, 1 d a week). Mice in the DCHD group were given DCHD (14 g/kg per day) intragastrically for 1 wk after CP induction. The animals were anesthetized and sacrificed at 2 wk, 4 wk and 6 wk after study commencement. Pancreatic morphology and the extent of fibrosis were assessed using hematoxylin and eosin and Masson staining. Serum interleukin-6 (IL-6) levels were assessed by enzyme-linked immunosorbent assay. Double immunofluorescence staining was performed to assess the coexpression of F4/80 and IL-6 in the pancreas. The mRNA levels of inflammatory factors including monocyte chemoattractant protein-1 (MCP-1), macrophage inflammatory protein-1α (MIP-1α) and IL-6 were determined by real timepolymerase chain reaction. Western blotting was used to measure fibronectin (FN) levels in the pancreas.
Research results
We found that macrophage infiltration was significantly increased in the CP group, and the IL-6 levels in serum and IL-6 mRNA levels in the pancreas were also increased in the CP group. Further, immunofluorescent doublestaining of F4/80 and IL-6 revealed that macrophages were the main source of the IL-6. In addition, DCHD ameliorated pancreatic fibrosis, inhibited the pancreatic infiltration of macrophages in the CP group, and reduced the release of cytokines IL-6, MCP-1 and MIP-1α mRNA, and FN levels. However, our work had certain limitations. We confirmed that the effect of macrophages on CP is related to IL-6, but the detailed mechanism of IL-6 on CP progression was not further explored. In addition, DCHD is effective in CP treatment, but its in-depth mechanism was not studied further.
Research conclusions
The authors confirmed that macrophages are involved in the development of pancreatic fibrosis and may constitute a new therapeutic target. In addition, DCHD can ameliorate pancreatic fibrosis by inhibiting macrophage infiltration and inflammatory factor secretion in the pancreas.
